Neuronal PAS domain protein 4 (Npas4) controls neuronal homeostasis in pentylenetetrazole-induced epilepsy through the induction of Homer1a.
Neuronal intrinsic homeostatic scaling-down of excitatory synapse has been implicated in epilepsy pathogenesis to prevent the neuronal circuits from hyperexcitability. Recent findings suggest a role for neuronal PAS domain protein 4 (Npas4), an activity-dependent neuron-specific transcription factor in epileptogenesis, however, the underlying mechanism by which Npas4 regulates epilepsy remains unclear. We herein propose that limbic seizure activity up-regulates Npas4-homer1a signaling in the hippocampus, thereby contributing to epileptogenesis in mice. The expression level of Npas4mRNA was significantly increased after the pentylenetetrazol (PTZ) treatment. Npas4KO mice developed kindling more rapidly than their wild-type littermates. The expression of Homer1a in the hippocampus increased after seizure activity. Npas4 increased Homer1a promoter activity in COS7 cells. The PTZ-stimulated induction of Homer1a was attenuated in the hippocampus of Npas4KO mice. The combination of fluorescence in situ hybridization and immunohistochemical analyses revealed that Homer1amRNA co-localized with the Npas4 protein after the convulsive seizure response. PTZ reduced excitatory synaptic transmission at the associational/commissural fibers-CA3 synapses through the Npas4-mediated down-regulation of postsynaptic α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors in hippocampal CA3 neurons. The adeno-associated virus (AAV)-mediated expression of Homer1a resulted in lower α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid-type glutamate receptor GluA1 subunit levels in the hippocampal plasma membrane fraction than in that from AAV-EGFP-transfected Npas4KO mice. The development of kindling was more strongly suppressed in AAV-Homer1a-microinjected Npas4KO mice than in AAV-EGFP-microinjected Npas4KO mice. These results indicate that Npas4 functions as a molecular switch to initiate homeostatic scaling and the targeting of Npas4-Homer1a signaling may provide new approaches for the treatment of epilepsy.